[Abstract] Motile male gametes (spermatozoids) of land plants are coiled and contain a modified and precisely organized complement of organelles that includes a locomotory apparatus with two to thousands of flagella. Each flagellum is generated from a basal body that originates de novo as a centriole in spermatogenous cell lineages. Much of what is known about the diversity of plant male gametes was derived from detailed transmission electron microscopic studies. Because the process of spermatogenesis results in complete transformation of the shape and organization of these cells, TEM studies have yielded a wealth of information on cellular differentiation. Because green algal progenitor groups contain centrioles and a variety of motile cells, land plant spermatozoids also provide a plethora of opportunities to examine the evolution and eventual loss of centrioles and locomotory apparatus during land colonization.
2 ultimate mitotic divisions that produce the nascent spermatid in antheridia (Renzaglia and Carothers, 1986 ; Vaughn and Renzaglia, 1998; Vaughn and Harper, 1998; Renzaglia and Maden, 2000; Vaughn and Renzaglia, 2006) . In these cell lineages, centriolar centrosomes serve as the nucleation site for spindle microtubules and thus bear striking parallels with centrioles of animal and protist cells. In the developing sperm cells, the centrioles reposition, anchor to form the distinctive basal bodies, and elongate to produce the 2-40,000 flagella in each gamete. These changes occur in synchrony with cell elongation, and the entire process of cytomorphogenesis is guided by the production of unique arrays of microtubules, and fibrillar and lamellar bands or strips. Because of the exclusive occurrence of basal bodies, flagella and associated complexes in developing male gametes, studies of spermatogenesis have revealed important information on the structure, composition, and developmental changes in microtubule arrays as they relate to the cell cycle, microtubule organizing centers (MTOCs), and cellular differentiation in plants. The purpose of this review is to describe the method used in transmission electron microscopic examination and to demonstrate how this approach has advanced understanding of basal bodies, flagella/cilia, and associated structures in land plants.
Materials and Reagents
A. Transmission electron microscope (TEM) Each blepharoplast is spherical and contains the central hubs of all basal bodies in a dense matrix that will be assembled in the young spermatid ( Figure 1C ).
An alternate mode of origin of centrioles occurs in Phylloglossum, one of two lycophytes with multiple flagella. In this case, the centrioles originate as a branched unit of central hubs on to which the triplets assemble directly ( Figure 1D ). The 20 or so basal bodies formed this way separate and align around the anterior of the developing spermatid and elongate into the flagella. In the seed plant,
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www.bio-protocol.org/e2448 Ginkgo biloba, a pair of massive blepharoplasts in the sperm mother cell assembles approximately 1,000 centrioles around an electron dense unit that contains spherical electron lucent areas occasionally containing basal bodies ( Figure 1E ). The cycads produce a blepharoplast similar to that of Ginkgo, but much larger, producing an estimated 40,000-50,000 basal bodies (Gifford and Larson, 1980) . www.bio-protocol.org/e2448 composed of a lamellar strip and band of microtubules ( Figure 2C ), until they are positioned around the anterior coils of the cell in a precise arrangement ( Figure 2D ). While repositioning, basal bodies begin to elongate from both ends. At the proximal end, more triplets are added to elongate the basal body and in ferns the hub forms a highly elongated extension that is transient and disappears in the late stage spermatozoid ( Figure 2E) . A transition zone ( Figure 2E ) that contains the stellate configuration begins formation during basal body repositioning ( Figure 2D ). www.bio-protocol.org/e2448 Proximal basal body elongation is critical in positioning basal bodies in mosses and liverworts spermatozoids that have two dimorphic, staggered basal bodies ( Figures 3A-3C ). Staggering is achieved by proximal elongation of usually three ventral triplets in one basal body that becomes very long ( Figure 3A ) and is eventually anchored some distance from the less elongated anterior basal body. Slight proximal elongation of dorsal triplets in the anterior basal body anchors it within the multilayered structure ( Figure 3B) . A peculiar feature of moss gamete development is the existence of a single microtubule that strays from the microtubular band and appears to guide the ventral triplets into position during elongation of the posterior basal body ( Figure 3C ). 
